Background. Patients >60 years old represent 66% of all new patients starting renal replacement therapy in Scotland. The aim of this study was to investigate whether or not transplantation provides any survival benefit in this group of patients. Methods. 325 patients >60 years old listed for transplantation in Scotland between 1 January 1989 and 31 December 1999 were followed up until 31 December 2000. Sociodemographic, comorbidity, listing and transplant data were obtained from the national renal and transplant databases and casenotes review. Survival was compared between those who received a transplant and those who were listed but did not receive a transplant by the end of the follow-up period. MannWhitney, 2 , Fisher's exact and log-rank tests were used where appropriate. Results. Of the 325 patients listed, 128 (39.4%) received a first transplant within the study period and the remaining 197 (60.6%) continued to undergo dialysis. The transplant recipients were younger at listing (P<0.0001), lived closer to the transplant centre (P ¼ 0.043) and spent less time on the active waiting list (P<0.0001) than patients who remained on dialysis. They had less ischaemic heart disease (P ¼ 0.024), cerebrovascular disease (P ¼ 0.03) and arrhythmias (P ¼ 0.016). The overall mortality rate was 0.16 per patient-year for dialysis and 0.10 for transplantation. There was a significantly lower risk of death (RR ¼ 0.35, 95% CI 0.22-0.54; P<0.0001, log-rank) and a longer life expectancy after listing with a transplant (8.17 vs 4.32 years). Conclusions. Renal transplantation offers a significant survival advantage over dialysis in elderly patients with end-stage renal failure who are considered suitable for transplantation.
Introduction
The number of elderly patients accepted in renal replacement programmes is increasing. In Scotland, a country of 5 million people, the annual intake of new end-stage renal disease (ESRD) patients >60 years old has risen from 42% in 1989 to >65% in 1999. The largest proportion of this rise is represented by patients >65 years old, who make up >50% of the total number of new patients in 1999 [1] .
There is an increasing amount of evidence that transplantation is safe and successful and that survival with a kidney graft exceeds survival on dialysis [2] even in elderly patients. Therefore, there is a general agreement that age per se does not constitute a contraindication to transplantation. Yet many centres are still reluctant to accept patients >60 or 65 years old onto the waiting list, as these patients are frail, have more comorbid conditions [3] and their overall life expectancy is lower than the younger population. In addition, an increased age at the time of transplantation has been shown to have a major influence on longterm graft survival, and death with a functioning graft accounts for almost 40% of the grafts lost in long-term follow-up [4] . Nevertheless, this higher posttransplant mortality must be considered against a survival advantage of transplantation over dialysis [2] and a continuous improvement in the outcome of transplantation in the elderly over time [5] .
Currently, in the UK, there is no age limit for access to transplantation, but only 7.2% of transplant recipients are >65 years old [6] . The organ allocation process is based on closeness of HLA matching, degree of sensitization, waiting time and balance of exchange. Priority is given to local patients and highly sensitized ones. This algorithm was revised in 1998 to include an age difference criteria (recipient age-donor age), and a scoring system applicable when more than one similarly matched recipient is found for any donor kidney, based on the above criteria, was introduced. Similar to the algorithms in use in Eurotransplant, the US or Australia, the UK allocation system does not take into account comorbid conditions. All patients on the active waiting list are considered fit for transplantation and can receive a graft at any time.
In the present climate of organ shortage, there is a clear bias against elderly patients, but in the absence of UK-based evidence for the outcome of transplantation in this particular age group, it will be difficult to draw practice guidelines to address this issue. Therefore, the aim of this national study was to determine whether there is a survival advantage for transplantation over dialysis in patients >60 years old who are considered suitable for kidney transplantation in a UK setting.
Subjects and methods
340 patients 60 years old accepted onto the waiting list and who started dialysis between 1 January 1989 and 31 December 1999 were included in this analysis. Fifteen patients who were listed pre-dialysis were excluded from the analysis. Sociodemographic, listing, transplant and comorbidity data were obtained from the national renal (Scottish Renal Registry) and transplant (United Kingdom Transplant) databases and case-notes review. Social deprivation was determined using the Carstairs score [7] -a combination of four variables (male unemployment, car ownership, social class and overcrowding), derived from the census, calculated for each postcode of residence and classified into seven categories from 1 (least deprived) to 7 (most deprived).
Survival was compared between those who received a transplant and those who were listed but remained on dialysis by the end of the follow-up period (31 December 2000). In calculating the survival curve for transplantation, follow-up was considered from the date of transplantation. For the dialysis curve, all patients on dialysis were considered and the follow-up time started at the moment of listing, but transplant recipients were censored at the time of grafting. Survival at 1, 5 and 7 years was estimated for each treatment modality using the Kaplan-Meier method and a logrank test to determine the statistical significance of the findings (P 0.05). The rates of death per 100 patient-years were determined for transplantation and dialysis. A timedependent Cox regression analysis adjusted for sociodemographic variables (gender, age, social deprivation, primary renal disease, distance from patient's home to the transplant centre, time on dialysis pre-listing) was employed to calculate the relative rate of death for transplantation vs dialysis, allowing for the changes in the treatment status (dialysis or transplantation) during the follow-up period. For the purpose of this analysis, all patients were considered to be on the waiting list until death, end of study or transplantation (whichever occurred first), irrespective of suspension and removal periods. Following graft failure, the remaining length of life for the transplant recipients was counted towards survival on dialysis, as they returned on haemodialysis or peritoneal dialysis. Survival was considered from the moment of listing for transplantation.
Data on comorbidity illnesses were available in 60% of all patients, and the distribution of the comorbidity burden was compared between transplant recipients and those who remained on dialysis. This cohort of patients had distribution and sociodemographic characteristics comparable with those of the whole study population and was therefore considered representative. In order to investigate whether any of the survival differences are due to the comorbidity load, a separate time-dependent Cox regression analysis, adjusted for sociodemographic as well as comorbidity variables, was built and the results compared with the time-dependent model adjusted only for sociodemographic factors.
2 , Student's t, Kruskal-Wallis and Fisher's exact tests were used to estimate the statistical significances of any other differences (P 0.05).
Results
Of the 325 patients >60 years old included in this study, 128 (39.4%) received a first transplant and the remaining 197 (60.6%) continued to undergo dialysis, in stark contrast to 957 (68.6%) of the 1396 patients <60 years old who were listed and received a transplant in the same period.
A comparison of the baseline demographics at the time of listing for patients >60 years old, according to their subsequent treatment status, is shown in Table 1 . Both genders and all social deprivation categories were equally represented among patients who received a transplant and those who remained on dialysis, but fewer patients with diabetes or multi-system diseases leading to ESRD received a kidney graft.
The transplant recipients were listed at a younger age (64 vs 66 years), spent half the time on the active waiting list (252 vs 529 days) and were on dialysis for a similar length of time (7 months) compared with those who were listed but remained on dialysis. In both groups, nearly two-thirds of the patients had haemodialysis as the first type of replacement therapy and a similar proportion remained on the initial dialysis modality until listing. The transplant recipients lived significantly closer to the transplant centre than those who were listed but did not receive a transplant.
The comorbidity index was compared where available (191 patients, 60% of the study cohort). Although all patients went through the assessment process and were deemed suitable for transplantation, there was a higher incidence of ischaemic heart diseases, cardiac arrhythmias and cerebrovascular diseases in patients who were listed but remained on dialysis until the end of the follow-up period. All the other associated conditions were equally distributed between the two groups, as shown in Table 2 .
During the follow-up, 116 (58.9%) dialysis patients and 52 (40.6%) transplant recipients died (P<0.0001, 2 ). The overall rate of death was 16 per 100 patientyears in the dialysis group and 7 per 100 patient-years for transplant recipients with a functioning graft. There were no significant differences (P ¼ 0.211, 2 ) between the various causes of death in both groups of patients (Table 3 ).
The survival curve for dialysis patients is shown in Figure 1a . Survival is expressed from the moment of listing and is censored at the time of transplantation for those patients that received a graft. Survival for the transplant recipients, from the moment of grafting, is shown in Figure 1b . Although the curves are not directly comparable, having a different starting point, they provide a good indicator of the survival advantage for transplantation, considering that patients during this study in Scotland waited on average 17 months before receiving a kidney allograft.
Using a time-dependent Cox model to control for the variable time until transplantation, a long-term (beyond 1 year) relative risk of death of 0.35 [95% Table 4 . The risk evens out during the first year after transplantation, and from there onwards there is an increased likelihood of survival for the transplant recipients. When the sample was restricted to those for whom comorbidity data were available, the hazard ratio associated with transplantation was 0.27 (95% CI 0.14-0.52), but the same trend for the risk of death as for the whole study population was observed (Table 4) . In addition to a lower risk of death compared with dialysis, elderly transplant recipients exhibit a significant increase in the estimated life expectancy, determined from the moment of listing for transplantation, as shown in Table 5 . Furthermore, when the analysis looked at those 60-64 years old and those >65 years old, it appeared that the latter group would double their life-span with a kidney transplant.
Discussion
The number of elderly patients requiring replacement therapy has increased worldwide, and this trend is likely to continue in the next decade [1, 8] . There is a substantial amount of evidence that transplantation is very effective in patients 60 years old [5, 9] and provides a quality of life superior to that on dialysis [10] , but with the current shortage of organs it is sometimes difficult to justify the use of a donor kidney in a patient with a limited life expectancy, such as the elderly patient. Therefore, it is important to demonstrate that, in the current era of significant improvements in survival on both forms of therapy [11] , transplantation does indeed provide a major advantage compared with dialysis. The results of this study present strong evidence that renal transplantation confers a substantial survival advantage over dialysis in patients >60 years old who are considered suitable for listing and transplantation.
Elderly patients who remain on dialysis have a death rate two times higher than transplant recipients. Similar findings have been reported from single centre [12] as well as population-based investigations [13] . This lower death rate translates into excellent patient survival after transplantation at 93%, 70% and 46% at 1, 5 and 7 years, respectively. In contrast, survival on dialysis is much lower, at 81%, 30% and 15% at the same intervals. The survival rates reported in this study are comparable with those found by other authors [13, 14] , and although care must be taken when comparing results from various studies, as the approach towards the covariates may be different, in general comparisons are usually achievable. Early studies comparing the outcome of transplantation with that of dialysis in the elderly revealed contradictory findings. Some of them [15] identified a higher mortality rate for transplantation, whereas others [16] found no difference in long-term patient survival. Other studies reported a better short-term [17] and long-term [18] survival after transplantation. It is essential to note that such historical comparisons are confounded by several factors. First, survival after transplantation cannot be directly compared with survival on dialysis from waiting list registration, as the starting points are different and those patients who receive a transplant must survive long enough to do so. Secondly, comparisons between patients on dialysis, irrespective of their listing status, and transplant recipients will inherently be biased towards transplantation, as not all patients on renal replacement therapy will be suitable candidates for a kidney graft. Thirdly, transplantation itself is time-dependent and, accordingly, any change in the treatment status must be taken into account [19] and comparative survival analyses should include only listed patients and start at the moment of registration onto the waiting list.
Using a time-dependent Cox regression analysis, the risk of dying beyond 1 year after transplantation was , who noted a 61% lower risk of death at 18 months after transplantation compared with dialysis for patients 60-74 years old. The survival advantage observed in the present analysis was identical when the population sample was restricted to those in whom comorbidity data were available and when the model was adjusted for these additional factors. This indicates that the survival benefit estimated in population-based studies such as the current one, or the one by Wolfe et al. [2] , which did not account for the comorbidity profile of the patients, may be slightly underestimated. Such differences were reported by Schaubel et al. [13] , who noted that the greatest survival benefit for transplantation is attained among older ESRD patients with no comorbid illnesses. The lack of comparable comorbidity data in most of the studies to date is a potential source of bias in any comparative analyses of the results published so far. The impact of comorbidity highlights the crucial role of the assessment process in obtaining the best results [9, 20] . This study has shown that, although all patients were considered suitable for transplantation, those who were eventually selected as recipients tended to be younger and had less diabetes and multisystem diseases leading to ESRD. In addition, ischaemic heart disease, arrhythmias and cerebrovascular diseases were more frequent in those who remained on dialysis, indicating that these factors have an important role in deciding who receives a kidney transplant. The current data did not allow us to explore whether these patients have ever been offered a kidney, but such a study would be useful to demonstrate that there is no bias towards them once they are on the waiting list and that they are given an equitable chance of a kidney graft.
It is also important to highlight that these elderly patients, despite being considered suitable potential recipients, have a high incidence of comorbid conditions (illustrated by 80% hypertension, 40% left ventricular hypertrophy, 30% ischaemic heart disease, 20% peripheral vascular disease and 20% respiratory diseases) which will need a huge amount of expertise and resources to manage. Clearly, as the comorbidity conditions were not available for all patients, it is difficult to extrapolate these findings to the whole patient population, but even if one hypothesizes that the remaining 40% of patients had no comorbidity at all, we are still faced with a large proportion of highrisk patients. In addition, this comorbidity burden has a significant impact on the causes and rates of death, nearly 60% of patients in both groups succumbing to cardiovascular and infectious causes, as reported previously [12] .
Finally, it is important to note that, in addition to the reduction in the risk of death, transplantation leads to a significant increase in the estimated life expectancy of the elderly patient listed for transplantation. This supports the idea that, in the current era of organ shortage, when we are accepting organs from older donors, the recipient's age should not be used as a barrier to transplantation and elderly patients should have a wider access to this service.
In conclusion, this analysis of Scottish data suggests that elderly transplant recipients have a significant survival advantage over similar patients who are considered suitable for transplantation but remain on dialysis. Transplantation in the elderly is not only safe and successful, but it is also the best treatment available to these patients, and therefore patients should not be denied this option purely on the basis of age. A careful evaluation of renal disease and comorbid illnesses and an individual assessment of the likelihood of surviving on either treatment modality should form the basis of the medical decision and an informed choice for the patients.
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